Abstract-Exposure to excess aldosterone results in cardiac damage in hypertensive states. We evaluated the long-term cardiac structural and functional evolution in patients with primary aldosteronism after surgical or medical treatment. Fifty-four patients with primary aldosteronism were enrolled in a prospective study and were followed for a mean of 6.4 years after treatment with adrenalectomy (nϭ24) or spironolactone (nϭ30). At baseline, echocardiographic measurements of patients with primary aldosteronism were compared with those of 274 patients with essential hypertension. Patients with primary aldosteronism had greater left ventricular mass, more prevalent left ventricular hypertrophy, lower early:late-wave diastolic filling velocities ratio, and longer deceleration time than patients with essential hypertension but no differences in relative wall thickness and systolic function. During follow-up, average blood pressure was 135/82 and 137/82 mm Hg in patients treated with adrenalectomy and spironolactone, respectively. In the initial 1-year period, left ventricular mass decreased significantly only in adrenalectomized patients. Subsequent changes in left ventricular mass were greater in patients treated with spironolactone, with an overall change from baseline to the end of follow-up that was comparable in the 2 groups. Prevalence of hypertrophy decreased in both treatment groups, whereas diastolic parameters had only mild and nonsignificant improvement. Changes in blood pressure and pretreatment plasma aldosterone were independent predictors of left ventricular mass decrease in both treatment groups. Thus, in the long-term, both adrenalectomy and spironolactone are effective in reducing left ventricular mass in patients with primary aldosteronism, with effects that are partially independent of blood pressure changes. Key Words: adrenalectomy Ⅲ echocardiography Ⅲ left ventricular hypertrophy Ⅲ spironolactone Ⅲ diastolic filling F or many decades, aldosterone has been seen as a hormone almost exclusively involved in the regulation of body fluids, maintenance of electrolyte balance, and blood pressure homeostasis. 1 More recent views, however, indicate that aldosterone can contribute to cardiac damage independent of blood pressure. 2 In animal studies, exposure to excess aldosterone levels has been associated with collagen deposition, myocardial fibrosis, and ventricular remodeling, 3 and 2 large clinical trials have reported a significant decrease in the mortality rate of patients with heart failure who were treated with aldosterone antagonists. 4, 5 Primary aldosteronism is a disease associated with hypertension that offers an important clinical opportunity for assessing the effects of excess aldosterone on the cardiovascular system because, in this condition, its effects are isolated from those of the renin-angiotensin axis. The widespread use of the aldosterone:renin ratio as a screening test has led to more efficient identification of this endocrine disorder. 6, 7 Cardiac structural and functional changes are common consequences of hypertensive states and have been demonstrated also in patients with primary aldosteronism, along with some additional surrogate cardiovascular end points (reviewed in Reference 2). Many cross-sectional echocardiographic evaluations and a few short-term follow-up studies have reported variable results, 8 -20 with excess left ventricular (LV) hypertrophy and diastolic dysfunction being the most common, 8 -15 although not uniformly detected, 16 -20 abnormalities. We have further explored the relationship between aldosterone and the heart by assessing, in the long term, cardiac anatomic and functional evolution of patients with primary aldosteronism after treatment with adrenalectomy or aldosterone antagonists.
F or many decades, aldosterone has been seen as a hormone almost exclusively involved in the regulation of body fluids, maintenance of electrolyte balance, and blood pressure homeostasis. 1 More recent views, however, indicate that aldosterone can contribute to cardiac damage independent of blood pressure. 2 In animal studies, exposure to excess aldosterone levels has been associated with collagen deposition, myocardial fibrosis, and ventricular remodeling, 3 and 2 large clinical trials have reported a significant decrease in the mortality rate of patients with heart failure who were treated with aldosterone antagonists. 4, 5 Primary aldosteronism is a disease associated with hypertension that offers an important clinical opportunity for assessing the effects of excess aldosterone on the cardiovascular system because, in this condition, its effects are isolated from those of the renin-angiotensin axis. The widespread use of the aldosterone:renin ratio as a screening test has led to more efficient identification of this endocrine disorder. 6, 7 Cardiac structural and functional changes are common consequences of hypertensive states and have been demonstrated also in patients with primary aldosteronism, along with some additional surrogate cardiovascular end points (reviewed in Reference 2). Many cross-sectional echocardiographic evaluations and a few short-term follow-up studies have reported variable results, 8 -20 with excess left ventricular (LV) hypertrophy and diastolic dysfunction being the most common, 8 -15 although not uniformly detected, 16 -20 abnormalities. We have further explored the relationship between aldosterone and the heart by assessing, in the long term, cardiac anatomic and functional evolution of patients with primary aldosteronism after treatment with adrenalectomy or aldosterone antagonists.
Methods Patients
Fifty-four consecutive patients with primary aldosteronism were included in a prospective study. Recruitment of patients, diagnostic criteria, and follow-up have been described in detail in previous publications. 21, 22 Patients were referred to the hypertension clinic of our university for evaluation of their hypertensive state: 36 patients had persistent hypokalemia, and 27 had hypertension resistant to a triple-drug regimen. Blood pressure was measured by sphygmomanometry, and hypertension was diagnosed according to established guidelines. 23 All of the patients seen at the clinic are screened with extensive testing to define the cause of hypertension. Seven percent of patients with primary aldosteronism were taking no antihypertensive drug, 9% were on monotherapy, and the remaining 84% had multiple-drug treatment with an average of 2.9 drugs per patient. Patients treated with antihypertensive drugs were withdrawn from treatment a minimum of 2 weeks before diagnostic assessment. ␤-Blockers, lipophilic calcium antagonists, angiotensin-converting enzyme inhibitors, and angiotensin receptor blockers were withdrawn for 3 weeks. No patient was taking mineralocorticoid receptor antagonists before the study.
Primary aldosteronism was screened by the demonstration of an increased plasma aldosterone:active renin ratio (Ն20) 21, 24 in the presence of a plasma aldosterone of Ͼ150 pg/mL, and the diagnosis was confirmed by the lack of aldosterone suppression (values of Ն50 pg/mL) after an intravenous saline load (2 L of 0.9% saline infused over 4 hours). 25 This test has been shown to be highly effective in the distinction of both tumoral and idiopathic aldosteronism from low-renin essential hypertension. 26 Measurements were performed under a normal sodium diet, and 24-hour urinary sodium excretion was checked in all of the patients. Plasma potassium concentration of Յ3.5 mmol/L was corrected by oral supplementation before the assessment of the plasma aldosterone:active renin ratio and saline suppression test. Differentiation between adrenal adenoma and idiopathic aldosteronism was obtained by high-resolution computed tomography scan, followed by selective adrenal vein sampling (nϭ14) and/or adrenal scintigraphy with iodocholesterol (nϭ47), which was performed under dexamethasone suppression. In patients who underwent adrenal vein sampling, adrenal vein cannulation was considered successful if the adrenal vein/inferior vena cava cortisol gradient was Ն2, and lateralization was defined by measurement of an aldosterone:cortisol ratio in 1 adrenal vein that was Ն4 times the ratio in the other adrenal vein. 7 In all of the patients who underwent adrenalectomy, adenoma was confirmed by histology and normalization of plasma aldosterone concentrations. Primary aldosteronism was treated by either unilateral adrenalectomy or spironolactone (range: 50 to 300 mg/d; average dose: 121 mg/d), and treatment was followed by normalization of blood pressure or significant improvement of hypertension in all of the patients.
A total of 274 patients with essential hypertension served as control subjects for baseline comparisons. These patients were recruited at our hypertension clinic and were selected by frequency matching after specification of inclusion criteria to avoid age, gender, body mass index, and estimated duration of hypertension as potential confounding variables. In these patients, secondary causes of hypertension were excluded after an appropriate drug washout. Among patients with essential hypertension, 11% were taking no antihypertensive drug, 16% were on monotherapy, and 73% had multiple-drug treatment with a mean of 2.3 antihypertensive agents per patient. Informed consent was obtained from all of the patients, and the protocol was approved by the local ethics committee.
Echocardiographic Examination
Echocardiography was performed by the same investigators who were unaware of patient diagnosis. 27 Measurements of LV internal dimensions and wall thickness were obtained with commercial machines (Sonos HP1000, Hewlett-Packard or Aplio CV, Toshiba Medical Systems) and a 2.5-MHz transducer under bidimensional cross-sectional control, with the patients in the partial left decubitus position. The LV geometric pattern was defined by the ratio of the posterior LV wall thickness to one half of the LV internal dimension, and a value of Ͼ0.44 was used to define LV concentric geometry. 28 The LV mass index (LVMI) was calculated by the Penn Convention formula 29 and adjusted for body height with a cutoff value of 51 g/m 2.7 that was used to define LV hypertrophy in both sexes. 30 Systolic function was estimated by the ejection fraction and both endocardial and midwall fractional shortening (FS), with the latter taking into account epicardial migration of the midwall during systole. 31 Endocardial FS was expressed as a percentage of the value predicted in normal subjects for meridional end-systolic stress. 32 Circumferential end-systolic stress was calculated at the midwall, 33 and the equation of de Simone et al 34 was used to predict expected midwall shortening. The observed:predicted midwall shortening ratio was used as an index of LV systolic performance. 35 Pulsed Doppler recordings at the level of the mitral valve tips were obtained from apical 4-chamber scans to measure early and late-wave diastolic filling velocities, their ratio (E/A ratio), and the early wave deceleration time. 36 
Follow-Up
All 54 of the patients with primary aldosteronism were prospectively followed up. 21 Twenty four of 29 patients with adrenal adenoma underwent adrenalectomy; among the remaining 5 patients, 2 had bilateral adenoma, and 3 refused surgery and were treated with spironolactone. Treatment with spironolactone was started with a dose of 100 mg/d that was titrated to reach the target blood pressure. Clinical assessment and laboratory tests were repeated 1, 3, and 6 months after enrollment and every 12 months thereafter. At each visit, antihypertensive therapy was adjusted according to the physician's judgment to reach a target of Ͻ140/90 mm Hg. The use of all antihypertensive agents was permitted. Echocardiography was repeated after 1 year and after an average follow-up of 6.4 years (range: 3 to 11 years) in all of the patients with primary aldosteronism and in 108 of 274 patients with essential hypertension who were matched for age, gender, body mass index, and estimated duration of hypertension.
Statistical Analysis
This study had a statistical power of Ͼ95% to detect 20% differences between patients with primary aldosteronism and essential hypertension, with an ␣-value of 0.05. Variables are expressed as meanϮSD unless otherwise indicated. Continuous variables were compared by Student's t test. Variables with skewed distribution were analyzed after logarithmic transformation. Categorical variables were compared by the Pearson's 2 test. The relationships between different variables were examined by linear regression analysis, and the correlation was expressed by the correlation coefficient. Changes from the baseline of echocardiographic parameters were assessed by 2-way ANOVA. Multivariate discriminant analysis was performed to identify variables independently associated with changes in echocardiographic parameters after treatment. All of the tests for significance and resulting P values were 2 sided, with a level of significance of 0.05.
Results
Adrenal adenoma was demonstrated in 29 (54%) of 54 patients with primary aldosteronism, whereas the remaining 25 (46%) had no evidence of adrenal masses. As shown in Table 1 , patients with primary aldosteronism and essential hypertension had comparable heart rates, blood pressure levels, estimated durations of hypertension, plasma glucose, and plasma lipid profiles. As expected, patients with primary aldosteronism had significantly higher plasma aldosterone and lower plasma potassium and active renin levels than patients with essential hypertension.
Baseline echocardiographic parameters are summarized in Table 2 . The average LV internal dimensions and wall thickness had nonsignificant trends to higher values, and the LV mass and LVMI were significantly greater in patients with primary aldosteronism as compared with patients with essential hypertension. The left atrial diameter and the ratio of the posterior LV wall thickness to one half of the LV internal dimension were comparable in the 2 groups. The prevalence of LV hypertrophy and LV concentric geometry was, respectively, 33% and 26% in primary aldosteronism and 21% (PϽ0.05) and 24% (Pϭ0.73) in essential hypertension, respectively. No significant differences of ejection fraction, endocardial FS, and midwall FS were observed between patients with primary aldosteronism and essential hypertension, indicating comparable systolic function. Both the ratio of E/A velocities and the deceleration time were significantly different in the 2 groups, indicating the presence of more severe diastolic dysfunction in primary aldosteronism. In primary aldosteronism, linear regression analysis showed that LVMI, but not the ratio of the posterior LV wall thickness to one half of the LV internal dimension, had a significant relationship with mean blood pressure measured both before (rϭ0.362; PϽ0.01) and after (rϭ0.319; PϽ0.05) drug washout, duration of hypertension (rϭ0.375; PϽ0.01), and plasma aldosterone concentrations (rϭ0.294; PϽ0.05); the ratio of E/A velocities was inversely related with duration of hypertension (rϭ0.391; PϽ0.01), LVMI (rϭ0.323; PϽ0.05), and plasma aldosterone (rϭ0.304; PϽ0.05) but not with blood pressure levels. In essential hypertension, LVMI had a statistically significant relationship with mean blood pressure (rϭ0.194; PϽ0.01), duration of hypertension (rϭ0.249; PϽ0.01), E/A ratio (rϭϪ0.233; PϽ0.01), and plasma aldosterone (rϭ0.134; PϽ0.05). No significant differences in echocardiographic parameters were observed between primary aldosteronism patients with or without computed tomography evidence of adrenal masses.
Follow-Up
Patients with primary aldosteronism were reassessed with echocardiography after treatment (adrenalectomy: nϭ24; spironolactone: nϭ30), at 1 year, and after an the average follow-up of 6.4 years. Antihypertensive medications used during the study are shown in Table 3 . The frequency of the use of specific types of drugs was comparable in patients treated with adrenalectomy or spironolactone. Blood pressure declined significantly during the first year, with average values that, during the entire course of the study, were of 135/82 and 137/82 mm Hg in patients who were treated with adrenalectomy and spironolactone, respectively. Treatment was followed by normalization of blood pressure in 21 patients with primary aldosteronism (39%; adrenalectomy: nϭ10; spironolactone: nϭ11) and by significant improvement in the remaining 33 (61%; adrenalectomy: nϭ14; spironolactone: nϭ19; Pϭ0.71). In the first year, plasma potassium increased significantly from baseline levels (from Table 4 summarizes the echocardiographic measurements obtained at follow-up in patients with primary aldosteronism. During the initial 1-year period, average LV internal dimensions and wall thickness had a nonsignificant trend to decrease in all of the patients with primary aldosteronism. This trend was more evident in patients who were treated with adrenalectomy as compared with patients treated with spironolactone and resulted in a decrease of the LV mass and LVMI that was significant only in the former group at this time point (Figure) . Subsequent average changes in LV dimensions and wall thickness were greater in patients treated with spironolactone than in those who had adrenalectomy, with an overall change, from baseline to the end of follow-up, that tended to be greater, although nonsignificantly, in adrenalectomized patients. At the end of follow-up, the prevalence of LV hypertrophy and LV concentric geometry changed from 38% to 8% (PϽ0.05) and from 29% to 21% Use at the end of study was defined as receipt of the specific drug for Ͼ50% of follow-up visits. The average dose of spironolactone was 121 mg/d. Clinically relevant gynecomastia occurred in 4 of 21 male patients treated with this drug (19%) and responded well to reduction of dosage. ACE indicates angiotensin-converting enzyme.
*Value is calculated without aldosterone antagonists.
(Pϭ0.44), respectively, in adrenalectomized patients, and from 30% to 7% (PϽ0.05) and from 23% to 20% (Pϭ0.75), respectively, in patients treated with spironolactone. The E/A ratio and the deceleration time had nonsignificant trends to change after both adrenalectomy and spironolactone treatment, suggesting only partial recovery of the diastolic dysfunction after removal of the effects of excess aldosterone. The ratio of the posterior LV wall thickness to one half of the LV internal dimension and parameters of systolic function did not change significantly during the study. After 1 year, plasma renin levels increased significantly in both patients who were treated with adrenalectomy (from 4.6Ϯ6.0 to Multivariate analysis showed that changes in mean blood pressure (PϽ0.05) and pretreatment aldosterone levels (PϽ0.05) were both independent predictors of LVMI decrease after treatment, and their respective contributions were 47% and 24%. In 108 patients with essential hypertension, the average blood pressure during follow-up was 137/ 81 mm Hg, and the decrease in LVMI (Ϫ11.8%) was significantly smaller than in patients with primary aldosteronism (Ϫ17.4%; PϽ0.05), whereas the frequency of reversal of LV hypertrophy (essential hypertension: from 22% to 8%; primary aldosteronism: from 33% to 7%) did not differ significantly between the groups (Pϭ0.19).
Discussion
Increased LV mass and impaired LV diastolic filling have been reported in patients with primary aldosteronism and might predispose these patients to cardiac complications. Our study has examined the long-term echocardiographic evolution in a large cohort of patients with primary aldosteronism after treatment. Results demonstrate that adrenalectomy and spironolactone are both effective in decreasing the LV mass, although this effect occurs earlier after surgical treatment. In 
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both treatment groups, the LV diastolic filling pattern had only mild and nonsignificant improvement. Pretreatment plasma aldosterone concentrations predict LVMI decrease during follow-up, independent of treatment-related blood pressure changes. A growing body of evidence links aldosterone to development and/or progression of cardiovascular disease, seemingly separate from its effects on blood pressure. In fact, animal and human studies support the contention that cardiac damage in aldosteronism is not just the result of a pressure-volume overload but might involve additional endocrine and paracrine mechanisms. 2, 3 Many cross-sectional echocardiographic evaluations have reported an excess increase of LV mass in patients with primary aldosteronism as compared with other types of hypertensive disease, 8 -15 although this finding has not been confirmed in other studies. 16 -20 Disparity of the findings could be ascribed to the limited sample size of some studies and differences in the severity and duration of hypertension in selected patients and respective control subjects. The present study has been conducted in a large cohort of patients with primary aldosteronism who were diagnosed using standardized procedures that were homogeneously applied by the same physicians. 21 This practice, together with the collection of data in a single database, should have limited any possible selection bias. Moreover, patients with primary aldosteronism have been compared with patients with essential hypertension who were appropriately matched for age, sex, severity, and estimated duration of hypertension and who had comparable cardiovascular risk profiles. Our results confirm the presence of greater LV mass and more prevalent LV hypertrophy in patients with primary aldosteronism that is associated with evidence of an abnormal pattern of LV diastolic filling, such as that reported in previous studies, 10, 11 but not with changes of LV geometry and systolic function.
Measurement of increased LV mass in patients with primary aldosteronism might reflect the increased circulating volume resulting from the renal effects of the hormone. However, we have observed greater differences in wall thickness than ventricular volumes between patients with primary aldosteronism and essential hypertension at baseline and greater changes in wall thickness than ventricular volumes after both surgical and medical treatment of primary aldosteronism. This would suggest that the contribution of volume factors is not predominant over other factors and that cardiac changes, in this condition, could not simply be explained by the salt-and water-retaining effects of aldosterone. The cardiac hemodynamic overload is not the only determinant of LV hypertrophy, and various hormones can play specific roles in different subsets of hypertension. The renin-angiotensin-aldosterone system is an important contributor to the pathogenesis of LV hypertrophy, 37 and primary aldosteronism permits evaluation of the cardiac effects of elevated aldosterone independent from those of angiotensin. LV hypertrophy is an important independent predictor of major cardiovascular events 38 in hypertension, and increased LV mass in patients with primary aldosteronism might be associated with worse cardiovascular outcome in comparison with other hypertensive groups. Relevant to this point, a recent retrospective study of a large cohort of patients with adrenal adenoma or idiopathic aldosteronism has reported an excess rate of cardiovascular complications and LV hypertrophy in comparison with properly matched patients with essential hypertension. 39 Cross-sectional evidence of associations between cardiac phenotypes and possible causative factors is of limited value, and findings should be confirmed in longitudinal evaluations. The few echocardiographic observations of cardiac changes after treatment of aldosteronism are confined to short-term follow-up studies, mostly after removal of an adrenal adenoma. 9, 10, 18 The present study is the first to provide data of a long-term echocardiographic follow-up in a substantial cohort of patients with primary aldosteronism after either surgical or medical treatment. Our 11-year study demonstrates that patients treated with either adrenalectomy or spironolactone have significant decrease of LVMI, a response that occurs within the first year only after surgical treatment. In both treatment groups, baseline LVMI was directly correlated with plasma aldosterone concentration, and this concentration was an independent predictor of changes of LVMI after treatment. Data demonstrate that the decrease of LVMI is only partially explained by blood pressure changes, suggesting a role of aldosterone that is independent from the hemodynamic overload. This possibility would also be supported by the observation that, in patients with essential hypertension, the decrease of LVMI that occurred during follow-up in the presence of very similar blood pressure values was significantly smaller than in patients with primary aldosteronism.
Mineralocorticoid receptors have been demonstrated in human cardiomyocytes, 40 and their activation might play a role in myocardial hypertrophy and cardiac remodeling 41 in patients with primary aldosteronism via mechanisms that include modulation of ionic movements 42 and accelerated fibrosis. 43 The latter mechanism might, in turn, result from interactions of aldosterone with angiotensin, endothelin, and bradykinin; activation of inflammatory cells; and stimulation of fibroblast proliferation and collagen synthesis (reviewed in References 41 and 43). Interruption of these receptormediated mechanisms might explain why, in the long term, treatment of primary aldosteronism with aldosterone receptor antagonists has comparable effects to the removal of an aldosterone-secreting adenoma in reducing LV mass, although this response occurs later than after the removal of excess circulating aldosterone by adrenalectomy. From a pathophysiological point of view, persistent hyperaldosteronemia with possible involvement of nongenomic effects of aldosterone 2,3 might hypothetically explain why regression of LV hypertrophy requires a longer time to occur in patients treated with spironolactone than in those treated with surgery. Consistent with our findings, favorable effects of mineralocorticoid antagonists on reduction of LV mass have been reported in patients with essential hypertension and LV hypertrophy. 44 In these patients, effects of aldosterone antagonists resulted to be additive with those of angiotensinconverting enzyme inhibitors and, therefore, independent from the renin-angiotensin axis. In the present study, no patient in the essential hypertension group was treated with spironolactone.
Some limitations of our study need to be highlighted. First, given that we performed selective adrenal vein sampling in only 14 of our patients and, instead, mainly relied on computed tomography and adrenal scintigraphy for subtype differentiation, it is possible that we have misclassified some patients with aldosterone-producing adenoma as idiopathic hyperplasia or vice versa. More accurate detection of truly unilateral forms of primary aldosteronism may have resulted in better blood pressure and echocardiographic responses to adrenalectomy than were seen in this study. Second, the majority of patients were on treatment at the time of study, and the use of certain antihypertensive medications during follow-up might have influenced the echocardiographic evolution. For instance, angiotensin-converting enzyme inhibitors and angiotensin-receptor blockers could be more effective than other agents in reducing the LV mass, 45 but frequency of the use of these drugs was comparable in patients treated with adrenalectomy or spironolactone. Nonetheless, differences in the pretreatment status and in drugs used at baseline and during follow-up might have had significant impact on the cardiac outcome of the study patients. Third, the doses of spironolactone that have been used in this study are higher than those that are currently recommended for medical treatment of primary aldosteronism, and, therefore, extrapolation of the results to a more general context should be done with caution. With regard to this issue, further investigation of the cardiac effects of the newer aldosterone-receptor antagonists, such as eplerenone, which offer the opportunity to use relatively higher doses without antiandrogenic effects, is warranted. Last, our study might have underestimated the impact of blood pressure on cardiac structure, because we did not include measurements of the 24-hour blood pressure profile, which is superior to clinic blood pressure for the prediction of LV mass. 46 Results of previous studies with ambulatory blood pressure monitoring in primary aldosteronism are controversial, with some studies reporting significant differences with essential hypertension 47, 48 and others not supporting this contention. 11, 15 In our hands, comparison of ambulatory blood pressure profiles in subsets of the primary aldosteronism (nϭ32) and essential hypertension (nϭ153) group did not show significant differences.
Perspectives
Recovery of cardiac anatomic and/or functional abnormalities and prevention of cardiovascular events are primary goals of treatment in hypertensive patients. Primary aldosteronism was once considered to account for Ͻ1% of all forms of hypertension, but recent work suggests that it might be the most common curable cause, worth screening for in patients with high blood pressure and an index of suspicion, including those with hypokalemia and/or resistance to treatment. This study presents evidence that primary aldosteronism is associated with LV hypertrophy out of proportion to blood pressure levels that benefits substantially from treatment in the long term. In this view, adrenalectomy and mineralocorticoid receptor blockade appear to be of considerable therapeutic value inasmuch as they significantly reduce LV mass, whereas their beneficial effect on the LV diastolic filling pattern is only partial. These findings underscore the importance of a timely identification of this endocrine disorder to obtain regression of cardiac abnormalities. Future studies will have to address the potential benefits of the newest mineralocorticoid receptor antagonists on cardiac structural and functional abnormalities of primary aldosteronism and to clarify whether these therapeutic interventions can effectively prevent late cardiovascular complications. 
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